Anisotropy of Polarized X-Ray Emission from Molecules
Strongly anisotropic, polarized Cl K-V x-ray emission from gas-phase CF3|"1has been observed following resonant excitation with a linearly polarized x-ray beam. Distinctively diAerent angular distributions are observed for x-ray emission involving molecular orbitals of diA'erent symmetries. A classical model of the x-ray absorption-emission process accurately describes the observed radiation patterns.
PACS numbers: 33.20.Rm X-ray fluorescence spectrometry is widely used for quantitative chemical analysis in research and industry, and it is generally assumed that x-ray emission is isotropic [1] . The observation of anisotropic x-ray emission from molecular crystals and solids has been attributed to the inherent ordering of those samples [2] , and it has been expected that randomly oriented samples, such as gas-phase molecules, will display isotropic x-ray emission. However, excitation by a photon or particle beam will generally leave an atomic or molecular target in an anisotropic state, and this anisotropy is manifested in the polarization and angular distribution of emitted photons [3, 4] . We report the first observation of strongly anisotropic, polarized x-ray emission from gas-phase molecules. Specifically, the Cl 1s orbital of CF3Cl was resonantly excited to an unoccupied valence molecular orbital (MO) using a narrow-bandwidth, linearly polarized x-ray beam, and a polarization-selective x-ray emission spec- Fig. 1 . Linearly polarized x rays provided by beam line X-24A [5] at the National Synchrotron Light Source were used to photoexcite CF3C1 molecules at energies near the Cl K edge. The Cl K-V Auorescence emitted normal to the propagation direction of the incident x-ray beam was analyzed using a curved-crystal spectrometer [6] . A position-sensitive proportional counter (PSPC) [7] recorded the entire Cl K-V spectrum simultaneously. [6] .
The polarization vector of the incident x-ray beam defines a natural reference axis for angular distribution studies because photoexcitation of randomly oriented targets produces an ensemble of core-excited states having cylindrical symmetry with respect to that axis [3, 4] . In addition, the photoexcited system is symmetric with respect to reversal of that axis. These symmetry properties are retained in the emitted x-radiation patterns. In order to measure angular distributions, the target chamber and emission spectrometer were mounted on a rotation platform to record x-ray spectra at diflerent emission angles 0 with respect to the polarization vector of the incident x-ray beam. The plane normal to the propagation direction of the incident x-ray beam serves as Work of the U. S. Government Not subject to U. S. Fig. 2 , the parallel-polarized Cl K-V spectra display strong angular variations of the branching ratios for the difI'erent valence MGs when the excitation energy is tuned to a subthreshold absorption resonance assigned [9] to the CI Is-to-valence transition la~1 la~.
Similar variations in relative peak intensities are observed [10] [11, 12] . In the quantum-theoretical model [3, 41, R is given by i of the product of the alignment parameter and geometrical factor [11, 12] . It can be seen from Eqs. (1) and (2) [13] by molecules essentially fixed in space during the time scale of the process. However, it is useful to retain the basic two-step picture in order to describe how x-ray absorption selectively excites an anisotropic distribution of target molecules and how the polarization and anisotropy of the emitted x rays depend on the symmetries of the electronic states involved.
We make use of the classical model [14, 15] ' . In order to compare measured angular distributions with theory, a peak fitting procedure was used to obtain the emission intensities of the transitions involving the 10al and 7e MOs indicated in Fig. 2 . The MO assignment of the Cl K absorption and emission spectra of CF3C1 is discussed in Ref. [9] . The collection e%ciency of the emission spectrometer varied as a function of 0 due to the geometry of the interaction region and due to the difficulty of maintaining precise mutual alignment of the incident x-ray beam, the gas cell, and the emission spectrometer. However, the relative collective efficiency was determined and corrected for at each 0 by recording Cl K-V spectra far above ( -50 
